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Highlights
 BPA promotes macrophage polarization toward proinflammatory M1 subtype in vitro.
 BPA inhibits macrophage toward anti-inflammatory M2 subtype polarization in vitro.
 BPA enhances pro-inflammatory cytokines secretion while reduces anti-inflammatory
cytokines production.
 BPA promotes macrophage polarization toward proinflammatory M1 subtype associated
with upregulated expression of IRF5.
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Abstract
Exposure to environmental endocrine-disrupting chemical Bisphenol-A (BPA) is closely 
associated with an imbalance of immune homeostasis, but the underlying mechanisms are not 
fully understood. In the present study, the effects of BPA on the polarization of mouse peritoneal 
macrophages were investigated in vitro. Environmentally relevant low concentrations of BPA 
treatment under M1 type polarization conditions increased the number of M1 subtype 
macrophages, the gene expression of M1 phenotypic marker CD11c and the activity and gene 
expression of M1 functional marker iNOS, as well as the production of pro-inflammatory 
cytokines. However, The same dose BPA treatment under M2 type polarization conditions 
reduced the number of M2 subtype macrophages, the gene expression of M2 phenotypic marker 
CD206 and the activity and gene expression of M2 functional marker Arg-1, along with the 
production of anti-inflammatory cytokines. We also identified that the expression of transcription 
factor IRF5 was upregulated by BPA exposure in M1 macrophages under M1 type polarization 
conditions. Our results demonstrate that BPA promotes macrophage polarization toward 
proinflammatory M1 subtype and M1 activity, associated with upregulated expression of IRF5, 
while BPA inhibits macrophage toward anti-inflammatory M2 subtype polarization. These 
findings provide new insight into the link between exposure to BPA and impairment of immune 
functions.
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Introduction
Bisphenol A (BPA), one of the highest-production chemicals, is used widely as a monomer in the 
manufacture of polycarbonate plastics and epoxy resins for daily applications, including food 
packaging material, water bottle, medical devices, thermal papers, and other materials. Geens et al. 
estimated the levels of human exposure to BPA to be in the range of 0.1–5 μg/kg BW/d from the 
dietary and nondietary route (Geens et al. 2012). Population data show that BPA can be detected in 
multiple biological samples from more than 90% of humans (Mustieles et al., 2019; LaKind and 
Naiman, 2015; Vandenberg et al., 2010). Increasing evidence reveals that human exposure to low 
concentration BPA is closely associated with inflammation and impairment of immune functions  
(Li et al., 2018; Malaisé et al., 2018; Rogers et al., 2017; Zbucka-Kretowska et al., 2017; Luo et 
al.,2016; Gostner et al,, 2015; Rogers et al., 2013). Up to now, the exact mechanism of 
immunotoxicity induced by BPA exposure is not fully understood. 
Macrophages are a heterogeneous population of immune cells. They play an essential role in 
innate and adaptive immunity in response to xenobiotics and mediate the inflammatory process 
through secreting mediators and cytokines, as well as interacting with other immune cells (Acaroz 
et al., 2019; Davies et al., 2013; Wynn et al., 2013; McNelis and Olefsky, 2014). The function of 
macrophages is regulated by their polarization status depending on phenotypic heterogeneity 
(Gordon et al., 2014; McWhorter et al., 2013). In response to environmental signals, macrophages 
are capable of polarizing toward two different phenotypes, classically activated M1 subtype and 
alternatively activated M2 subtype. M1 subtype, also known as the proinflammatory subtype, is 
characterized by high expression of the membrane marker CD11c and secretion of inducible nitric 
oxide synthase (iNOS) and proinflammatory cytokines such as tumor necrosis factor (TNF)-α, 
interleukin (IL)-6 and monocyte chemoattractant protein (MCP)-1. In contrast, M2 subtype has the 
characteristic of relatively high expression of surface marker CD206 and production of arginase 
(Arg-1) and anti-inflammatory cytokines such as transforming growth factor (TGF)-β and IL-10  
(Martinez et al., 2009; Sica and Marques, 2012; Murray et al., 2014). Numerous studies have 
demonstrated BPA exposure-induced downregulation of macrophage activity, decrease in 
macrophages phagocytic function and influence of inflammatory responses via modulating the 
cytokine expression of macrophages (Ampem et al., 2019; Berntsen et al., 2018; Li et al., 2018a, 
2018b; Teixeria et al., 2016; Liu et al., 2014; Pyo et al., 2007; Byun et al., 2005). However, the 
effects of BPA exposure on macrophage polarization and the underlying molecular mechanisms 
remain largely undefined. 
In the present study, in order to investigate the effects of BPA exposure on polarization of mouse 
peritoneal macrophages in vitro, we evaluated the alterations in the cell number and the gene 
expression of phenotype markers CD11c (for M1 subtype) and CD206 (for M2 subtype), the 
activity and gene expression of functional marker iNOS (for M1 subtype) and Arg-1 (for M2 
subtype), and the content and mRNA level of cytokines produced by M1 or M2 subtype after BPA 
treatment under M1 or M2 type conditions of polarization. Furthermore, the expression of 
transcription factors interferon regulatory factor (IRF)5 and IRF4 that modulate the polarization of 
M1 and M2 subtypes were also investigated. Here, we show that BPA exposure can boost the 
mouse peritoneal macrophages toward M1 subtype polarization and this is associated with 
upregulated expression of IRF5, while it inhibits macrophages toward M2 subtype polarization. 
2. Materials and methods
2.1 Reagents and Antibodies
BPA (purity>99%) was purchased from Tianjin Damao Chemical Reagent Factory (Tianjin, 
China). IFN-γ and IL-4 were from Peprotech (Rocky Hill, NJ, USA). Lipopolysaccharide (LPS) 
from Escherichia Coli (serotype: 055: B5) and Dimethylsulfoxide (DMSO) were obtained from 
Sigma- Aldrich (St. Louis, USA). Dulbecco’s modified eagle medium (DMEM) and fetal bovine 
serum (FBS) were purchased from Hyclone (Logan, USA). Fluorescein isothiocyanate-conjugated 
anti-mouse CD11c (FITC-CD11c), FITC-conjugated anti-mouse CD206 (FITC-CD206) and 
phycoerythrin-conjugated anti-mouse F4/80 (PE-F4/80) were purchased from Biolegend (San 
Diego, USA). ELISA Kits for quantitative measurement of iNOS, TNF-α, IL-6, MCP-1, Arg-1, 
IL-10 and TGF-β were purchased from Calvin Biological Technology co. (Suzhou, China). 
RNeasy Mini Kit was purchased from Qiagen (Austin, USA). Transcription First Strand cDNA 
Synthesis kit and Light Cycler 480 SYBR Green I Master were purchased from Roche (Basel, 
Switzerland). PCR-Primers were obtained from Takara BIO (Dalian, China). Anti-mouse IRF4, 
anti-mouse IRF5, and β-actin antibody were from Abcam (Cambridge, USA). BPA was dissolved 
in DMSO (the final concentration of DMSO in the medium was no more than 0.1%).
2.2 Isolation of peritoneal macrophages from mice
The eight-week-old specific pathogen free (SPF) and healthy C57BL/6J mice were bought from 
Laboratory Animal Center of Anhui Province and anesthetized with chloral hydrate. 5 ml DMEM 
containing 100 U/ml penicillin and 100 µg/ml streptomycin were injected intraperitoneally, 
peritoneal lavage fluid was extracted after 5 min and then followed by centrifugation for 8 min at 
1000 rpm. The pellet was resuspended in DMEM and the cell suspension was adjusted to 2 × 106/ 
mL, seeded in 12-well culture plates and incubated for 3 h under 5% CO2 at 37 °C. Then the 
medium was replaced with DMEM supplemented with 100 U/mL penicillin, 100 µg/mL 
streptomycin and 10% heat-inactivated FBS. The experiment was approved by the ethics 
committee of Anhui Medical University.
2.3 Macrophage polarization toward M1 phenotype or M2 phenotype and treatment with BPA 
For M1 polarization experiments, peritoneal macrophage was treated with 10 ng/ml IFN-γ for 24 h  
and then stimulated with 500 ng/ml LPS for an additional 24 h (M1 type conditions). For M2 
polarization experiments, macrophage was treated with 10 ng/ml IL-4 for 24 h (M2 type 
conditions). To evaluate the results of macrophage polarization in M1 or M2 type conditions of 
polarization, cell morphology were observed and ananlyzed, the number of M1 phenotype or M2 
phenotype macrophages were analyzed by phenotypic markers CD11c or CD206 using flow 
cytometry; activities of functional marker iNOS or Arg-1 in the culture medium were measured 
using ELISA assay.
To explore the effects of BPA exposure on macrophage polarization, the cells were treated with 
various concentrations of BPA (0.1, 1 and 10 µM) throughout the polarization process. 0.1% 
DMSO was used as vehicle control. 
2.4 Analysis of cell morphology
Cell morphology were observed using a Leica DMI1 inverted microscope. The images of cells 
were captured, the cell area and the elongation factor were analyzed by Image-pro plus software 
V6.0 (Media Cybernetics, Inc.) as previously described (McWhorter et al., 2013). The elongation 
factor was defined as the longest axis length divided by the short axis (across the cell nucleus) 
length. Cell area, the long axis and the short axis of each cell were analyzed in the same unit area. 
2.5 Flow cytometry analysis
Subtypic analysis of polarizated macrophage was performed using flow cytometry. Following 
polarization, cells were recovered from culture plates by scrapping，rinsed in phosphate-buffered 
saline (PBS) and centrifuged twice at 1500 rpm for 5 min. Subsequently, cells were adjusted to 
5×105cells/ml and incubated with 10% FBS for 20 min at 4 °C to block nonspecific binding. The 
cells were then stained for 30 min in the dark at 4 °C with FITC-CD11c and PE- F4/80 for 
analysis of M1 phenotype under M1 type conditions, or with FITC-CD206 and PE- F4/80 for 
analysis of M2 phenotype under M2 type conditions. Isotypic controls were used in all cases. 
After staining, the cells were fixed with 2% w/v formaldehyde and analyzed immediately with a 
FACScalibur flow cytometer (Beckman Coulter) using Cell Quest 3.1 software. 
2.56 Quantitative real-time polymerase chain reaction (qRT-PCR) analysis
Total RNA was extracted from macrophages by RNeasy Mini Kit, and then cDNA was 
synthesized using Transcription First Strand cDNA Synthesis kit. For real-time PCR, cDNA was 
amplified on the LightCycler® 480 Real-Time PCR system (Roche LifeScience) using Light 
Cycler 480 SYBR Green I Master. The PCR program was as follows: pre-degeneration at 95°C 
for 5 min, the next, 45 cycles of 15 sec at 95°C for denaturing and 15 sec at 60°C for annealing, 
and finally 30 sec at 72°C for extension. The relative quantity of mRNA was calculated using the 
standard 2-ΔΔCt method with β-actin serving as an internal standard. All fold changes are 
normalized to the vehicle control. Gene-specific primers were as follows：
Gene Forward primer Reverse primer
CD11c GAGCCAGAACTTCCCAACTG TCAGGAACACGATGTCTTGG
CD206 CAGGTGTGGGCTCAGGTAGT TGTGGTGAGCTGAAAGGTGA
iNOS CAGCTGGGCTGTACAAACCTT CATTGGAAGTGAAGCGTTTCG
Arg-1 CTCCAAGCCAAAGTCCTTAGAG AGGAGCTGTCATTAGGGACATC
TNF-α AAG GCC GGG GTG TCC TGG AG AGG CCA GGT GGG GAC AGC TC
IL-6 CCACTTCACAAGTCGGAGGCTTA GCAAGTGCATCATCGTTGTTCATAC
MCP-1 TCCCAATGAGTAGGCTGGAG AAGTGCTTGAGGTGGTTGTG
IL-10 CCAAGCCTTATCGGAAATGA TTCACAGGGGAGAAATCG
TGF-β TGG TGG ACC GCA ACA ACG CC GGG GGT TCG GGC ACT GCT TC
IRF4 CTTGCAAGCTCTTTGACACACAG GAAACTCCTCACCAAAGCACAG
IRF5 ATGGGGACAACACCATCTTC CAGGTTGGCCTTCCACTTG
β-actin CGCCCTAGGCACCAGGGTGTG TCGGTGAGCAGCACAGGGTG
2.67 Enzyme-linked immunosorbent assay (ELISA) assays
Cell-free supernatants were harvested after polarization. Activities of iNOS and Arg-1 and the 
contents of TNF-α, IL-6, MCP-1, TGF-β and IL-10 in the supernatants were quantified by ELISA 
Kits, according to the manufacturer’s instructions. 
2.78 Western blot analysis
Cells were lysed with ice-cold Tris buffer (50 mM Tris–HCl pH 6.8, 2% SDS, 10% glycerol, 2.5% 
β-mercaptoethanol) containing protease inhibitor cocktail. The supernatant was collected, and the 
concentration of lysate protein was determined using a Nanodrop 2000 (Thermo Scientific, 
Holtsville, USA). Equal amounts of protein (20 µg) were mixed with sample buffer, 
electrophoresed through 12.5% SDS polyacrylamide gel (PAGE) and then transferred to 
polyvinylidene fluoride (PVDF) membranes. The membranes were blocked with 5% nonfat milk 
for 1 h and then incubated with the primary antibody（ anti-mouse IRF4 or anti-mouse IRF5, 
1:2000） at 4℃  overnight. Thereafter, the membranes were incubated with the secondary 
antibody, horseradish peroxidase (HRP) labeled goat anti-rabbit IgG (1:5000) at room temperature 
for 2 h. Results were visualized with enhanced chemiluminescence (ECL) kit (Pierce Biotech). β-
actin antibody was used as the loading control. Images were analyzed by ImageJ software.
2.89 Statistical analysis
All independent experiments were repeated at least three times (n=3). Data are presented as means 
± S.E.M. unless otherwise stated. Statistical analyses were performed using GraphPad Prism 5 
(GraphPad Software, Inc. La Jolla, CA, USA). Comparisons among multiple groups were 
performed using one-way analysis of variance (ANOVA) followed by Tukey post hoc test. A p 
value of less than 0.05 was considered statistically significant.
3. Results
3.1 Macrophages polarize toward M1 subtype under M1 type conditions, and toward M2 subtype 
under M2 type conditions
Compared with unpolarized macrophages (Fig.1A), we observed dramatic alterations in the cell 
shape: most of the cells became rounder after polarization under M1 type conditions (Fig.1B), 
while exhibited an elongated fibroblast-like shape after polarization under M2 type conditions 
(Fig.1C). The cell area wasn’t marked difference between cell after polarization under M1 type 
conditions and unpolarized counterparts, but there was significantly higher in cell after 
polarization under M2 type conditions than that of unpolarized counterparts (Fig. 1D). The 
elongation factor of cell was significantly lower in cell after polarization under M1 type 
conditions than that of unpolarized counterparts, however there was significantly higher in 
cell after polarization under M2 type conditions than that of unpolarized counterparts (Fig. 1E). 
These shape changes are similar to those from previous publications (McWhorter et al., 
2013). The number of M1 phenotype cells and activity of iNOS were significantly increased by 
2.50 and 5.26 times respectively compared with those from the unpolarized counterparts after 
polarization under M1 type conditions. The number of M2 phenotype cells and activity of 
Arg-1 were also significantly increased by 2.33 and 7.96 folds respectively compared with 
those in unpolarized counterparts after polarization under M2 type conditions (Table 1). 
These results show that unpolarized macrophages can polarize toward M1 subtype under M1 
type conditions, while they can polarize toward M2 subtype under M2 type conditions.
3.2 BPA promotes macrophages toward M1 subtype polarization, but inhibits them toward M2 
subtype polarization 
To investigate the effects of BPA exposure on macrophage polarization, the numbers of M1 or M2 
subtype cells, the gene expressions of M1 or M2 phenotypic markers, the activities and mRNA 
expressions of M1 or M2 functional markers were measured. The number of CD11c positive cells 
was significantly increased in BPA exposure groups compared to that in the controls under M1 
type conditions (Fig.2 A and B). The expression of M1 phenotypic marker CD11c mRNA was 
also markedly enhanced by BPA exposure under M1 type conditions (Fig.2 C). Along with both 
the activity and mRNA expression of M1 subtype, the functional marker iNOS was remarkably 
elevated in BPA exposure groups under M1 type conditions (Fig.2 D and E). In contrast to 
promoting M1 subtype polarization, BPA treatment significantly reduced the number of CD206 
positive cells (Fig.3 A and B) and inhibited the mRNA expression of M2 phenotypic marker 
CD206(Fig.3 C), in combination with reduced activity and gene expression of M2 subtype 
functional marker Arg-1(Fig.3 D and E), depending on the dose under M2 type conditions. These 
results suggest that BPA exposure promotes mouse peritoneal macrophage toward M1 subtype 
polarization but inhibits M2 subtype polarization. 
3.3 BPA induces the production of cytokines associated with M1 subtype, whereas suppresses the 
production of cytokines associated with M2 subtype
To explore if exposure to low dose BPA also affects  the function of the different macrophage 
subtypes, we next examined the production of cytokines associated with M1 or M2 subtype 
macrophages. Treatment with 0.1,1 and 10µM of BPA, not only raised the content in supernatants 
but also enhanced the mRNA expression of proinflammatory cytokines, including TNF-α, IL-6, 
MCP-1, under M1 type conditions (Fig.4). On the other hand, the content and mRNA expression 
of anti-inflammatory cytokines IL-10 and TGF-β were decreased under M2 type conditions 
(Fig.5). These results indicate that BPA exposure induces the production of cytokines associated 
with M1 subtype, whereas it inhibits the production of cytokines associated with M2 subtype.
3.4 BPA upregulates the expression of IRF5, but does not affect the expression of IRF4 under M1 
type conditions
To better understand the underlying molecular mechanisms of BPA exposure-boosted macrophage 
polarization toward M1 subtype under M1 type conditions, we further investigated the expression 
of transcription factor IRF5 and IRF4 at mRNA and protein levels. As shown in Fig.6, under M1 
type conditions, treatment of macrophages with various doses of BPA resulted in upregulated 
expression of IRF5 at both mRNA level and protein level, with significant difference among 
different dose groups. However, there was no detectable effect on the expression of IRF4 at either 
mRNA level or protein level. These results indicate that upregulated expression of IRF5 was 
involved in macrophage polarization toward M1 subtype induced by BPA exposure under M1 
type conditions, independent from IRF4.
3.5 BPA has no effect on the expression of IRF5 and IRF4 under M2 type conditions
We sought to identify if IRF5 and IRF4 were implicated in the inhibition of macrophage 
polarization toward M2 subtype induced by exposure to BPA under M2 type conditions and 
measured the expression of IRF5 and IRF4 at mRNA and protein levels. As shown in Fig.7, there 
was no significant difference in the expression of IRF5 and IRF4 at either mRNA level or protein 
level after BPA treatment under M2 type conditions. These results demonstrate that IRF5 and 
IRF4 are not involved in the inhibition of macrophage polarization toward M2 subtype induced by 
BPA exposure under M2 type conditions.
Discussion
The biological effects induced by exposure to environmentally relevant concentrations of BPA 
have attracted increasing interest (Wassenaar, et al., 2017). European Food Safety Authority (EFSA) 
has lowered the tolerable daily intake level (TDI) of BPA from 50 μg/kg BW/d to a preliminary 
TDI of 4 μg/kg BW/d in January 2015 (EFSA, 2015). A number of studies demonstrated that 
micromolar range of BPA could induce various effects in vitro or in vivo (Kim et al., 2018;  
Senylidiz et al., 2017; Pfeifer et al., 2015). A recent study reported that DNA damage and 
proliferative effects induced by BPA were only significant at concentrations less than 10 μM in 
2D HepG2 cultures (Kim et al., 2018), suggesting a non-linear dose response relationship. Most 
importantly, the immune system is especially sensitive to BPA exposure (Li et al., 2018(a); Li et 
al., 2018(b)). In the present study, we evaluated the effects of micromolar concentrations BPA on 
macrophage polarization and explored the underlying mechanisms. 
Macrophages have been recognized as important effectors and regulators of inflammation and the 
immune response, and their function depends on the phenotypes. The phenotypic polarization of 
macrophages is mediated by a milieu of cues in the local microenvironment and leads to dramatic 
alterations in the expression of the surface and functional markers (Lumeng et al., 2007). Here, we 
demonstrate that mouse peritoneal macrophages are susceptible to BPA at levels relevant to 
environmental exposure; moreover, exposure to BPA at the concentration more than 1 μM can 
significantly promote polarization toward M1 subtype, shown as high expression of the surface 
marker CD11c and functional marker iNOS. Meanwhile, the same concentrations of BPA 
exposure also significantly inhibit macrophage polarization toward M2 subtype, manifest as the 
low expression of the surface marker CD206 and functional marker Arg-1. 
A change of macrophage phenotype can give rise to distinct functions that are phenotypically 
characterized by the production of proinflammatory and anti-inflammatory cytokines, which 
provides an important tool for understanding the regulation of the inflammatory process and 
immune response (Kraakman et al., 2014; Chatterjee et al., 2013; Kamei et al., 2006; Kanda et al., 
2006) . M1 subtype macrophage produces proinflammatory cytokines thus contributing to 
inflammation and T-helper (Th)1-type immune response, while M2 subtype macrophage secrets 
anti-inflammatory cytokines involved in inflammation resolution and Th2-type immune response  
(Ip et al., 2017; Sica et al., 2012; Martinez et al., 2009). In the present study, exposure to low dose 
BPA stimulates the expression of proinflammatory cytokines including TNF-α, IL-6, MCP-1 and 
inhibits the expression of anti-inflammatory cytokines IL-10 and TGF-β. These results are in 
accordance with previous publications in that direct BPA exposure or perinatal BPA exposure 
affect inflammatory cytokine release from peritoneal macrophages (Li et al., 2018) or gut tissue 
(Malaisé et al., 2018). However, the earlier study which tested peritoneal macrophages used 
higher concentrations of BPA and did not differentiate macrophage subtypes (Li et al., 2018). The 
present study used lower concentrations of BPA and identified macrophage subtype-specific 
effects. 
Furthermore, these changes in cytokine production by M1 subtype or M2 subtype macrophages 
are coincided with the change in the number of M1 subtype or M2 subtype macrophages. Thus, a 
shift of M1 and M2 balance towards M1 predominance would promote a proinflammatory 
reaction. Therefore, we propose that BPA exposure-induced upregulation of M1 subtype 
polarization and downregulation of M2 subtype polarization and corresponding changes in the 
release of their respective inflammatory cytokines may be involved in altering immune responses 
and play a proinflammation role in inflammatory disorders, such as obesity, type 2 diabetes and 
tumor. 
Transcription factor interferon regulatory factors (IRFs) play diverse functional roles in the 
transcriptional regulation of the immune system (Lawrence and Natoli, 2011; Krausgruber et al., 
2011; Yanai et al., 2007) . Previous studies have identified the IRF5 as the master regulator of the 
M1 macrophage polarization. Furthermore, IRF5 dictates the expression of proinflammatory genes 
such as IL12β and IL23a whilst repressing anti-inflammatory genes such as IL10  (Weiss et al., 
2015; Paun et al., 2008) . IRF4 is a negative regulator of inflammation in diet-induced obesity, in 
part through regulation of macrophage polarization (Huang et al., 2016; Eguchi et al., 2013; Satoh 
et al., 2010; Honma et al., 2005). Here we show that murine peritoneal macrophages exposed to 
BPA are also characterized by high levels of IRF5 mRNA and protein, and express 
proinflammatory cytokines under M1 type condition, but exhibit no notable change under M2 type 
condition. These results support the notion that IRF5 contributes to M1 type polarization and 
enhanced proinflammatory cytokine release in low dose BPA-induced immunological response. 
However, we did not observe any significant difference in the expression of IRF4 after BPA 
treatment under either M1 or M2 type conditions, excluding the involvement of IRF4. Thus, these 
data suggest that IRF5 may contribute not only to BPA induced M1 subtype polarization but also 
to the secretion of proinflammatory cytokines in macrophages.
In conclusion, our data demonstrate that submicromolar concentrations of BPA can promote 
mouse peritoneal macrophage polarization toward M1 subtype and inhibit polarization toward M2 
subtype, and this effect is accompanied by enhanced secretion of proinflammatory factors, which 
appear to be mediated by IRF5 expression in vitro. However, additional research will be needed to 
confirm our findings regarding the effects of BPA exposure on macrophages polarization and 
precise molecular mechanisms of regulation in vivo. Our study provides a new insight into the link 
between exposure to BPA and impairment of immune function.
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Legends
Fig.1 Morphological changes of mouse peritoneal macrophages after 24 h of polarization (Scale 
bars, 200μm.) 
A. Image of    unpolarized macrophages. B. Image of polarized macrophages in M1 type 
conditions of polarization after 24h. C. Image of pPolarized macrophages in M2 type conditions of 
polarization after 24h. D. Quantification of cell area for three macrophage populations. E. 
Quantification of cell elongation factor for three macrophage populations. The results are presented 
as the mean±S.E.M. In the same unit area, the cell number were 27, 48 and 46 for unpolarized 
macrophages, polarized macrophages under M1 type conditions and polarized macrophages under 
M2 type conditions, respectively. One way ANOVA with Tukey post hoc test was used to compare 
groups. *p < 0.05 and **p < 0.01 compared with the unpolarized counterpart.
Fig.2 Effects of BPA exposure on polarization of mouse peritoneal macrophages in M1 type 
condition 
A. Representative scatter plot of CD11c positive cells analyzed by FCM with FITC-CD11c. B. 
The number of CD11c positive cells by FCM analysis. C. Relative mRNA expression of the 
surface marker CD11c quantified by qRT-PCR. D. Activity of functional marker iNOS quantified 
by ELISA. E. Relative mRNA expression of the functional marker iNOS quantified by qRT-PCR. 
The results are presented as the mean ± S.E.M. from independent experiments in each group 
(n=3). One way ANOVA with Tukey post hoc test was used to compare groups. *p < 0.05 and 
**p < 0.01 compared with the control counterpart. 
Fig.3 Effects of BPA exposure on polarization of mouse peritoneal macrophages in M2 type 
condition 
A. Representative scatter plot of CD206 positive cells analyzed by FCM with FITC-CD206. B. 
The number of CD206 positive cells by FCM analysis. C. Relative mRNA expression of surface 
marker CD206 quantified by qRT-PCR. D. Activity of functional marker Arg-1 quantified by 
ELISA. E. Relative mRNA expression of functional marker Arg-1 quantified by qRT-PCR. The 
results are presented as the mean ± S.E.M. from independent experiments in each group (n=3). 
One way ANOVA with Tukey post hoc test was used to compare groups. *p < 0.05 and **p < 
0.01 compared with control counterpart. 
Fig.4 Effect of BPA exposure on the expression of cytokines secreted by M1 subtype in M1 type 
condition. The contents of TNF-α (A), IL-6 (C), MCP-1(E) in supernatants were quantified by 
ELISA. Relative mRNA expressions of TNF-α (B), IL-6 (D), MCP-1(F) were quantified by qRT-
PCR. The results are presented as the mean ± S.E.M. from independent experiments in each 
group (n=3). One way ANOVA with Tukey post hoc test was used to compare groups. *p < 0.05 
and **p < 0.01 compared with the control counterpart.
Fig.5  Effect of BPA exposure on the expression of cytokines secreted by M2 subtype in M2 type 
condition. The contents of IL-10 (A) and TGF-β (C) in supernatants were quantified by ELISA. 
Relative mRNA expressions of IL-10 (B) and TGF-β (D) were quantified by qRT-PCR. The 
results are presented as the mean ± S.E.M. from independent experiments in each group (n=3). 
One way ANOVA with Tukey post hoc test was used to compare groups. *p < 0.05 and **p < 
0.01 compared with the control counterpart.
Fig.6 Effect of BPA exposure on the expression of IRF5 and IRF4 in M1condtion of polarization 
A. Relative mRNA expression was quantified by qRT-PCR. B. Protein expression was analyzed 
by Western blot, b-Actin served as the loading control. The results are presented as the mean ± 
S.E.M. from independent experiments in each group (n=3). One way ANOVA with Tukey post 
hoc test was used to compare groups. *p < 0.05 and **p < 0.01 compared with the control 
counterpart.
Fig.7 Effect of BPA exposure on the expression of IRF5 and IRF4 in M2 condition polarization. 
A. Relative mRNA expression was quantified by qRT-PCR. B. Protein expression was analyzed 
by Western blot, β-Actin served as the loading control. The results are presented as the mean ± 
S.E.M. from independent experiments in each group (n=3).   One way ANOVA with Tukey post 
hoc test was used to compare groups.
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Table 1 Effects of 24h polarization on cell number, activities of iNOS or Arg-1 in M1 or M2 type 
conditions of polarization ( , n=3)dsx 
M1 type conditions of polarization M2 type conditions of polarization
number of M1 (%) iNOS activity (U/L) number of M2 (%) Arg-1activity (U/L)
unpolarized 19.27±3.46 0.45±0.05 18.33±3.85 0.42±0.05
24h of polarized 48.23±5.16* * 2.36±0.12* * 42.63±2.81* * 3.34±0.43* *
** P<0.01 versus unpolarized counterparts.
